HMGCoA Reductase (HMGCR), a key enzyme in the cholesterol biosynthesis, catalyzes the conversion of 3-hydroxy-3-methylglutaryl coenzyme A (HMGCoA) into mevalonate. Thus this enzyme is the target of the cholesterol-lowering drugs known as the statins. Phytoformulation1 is a polyherbal formulation consists of the extracts of plant constituents. The present study was designed to examine the ability of the secondary metabolites of Phytoformulation 1 as an antagonist to HMGCoA reductase enzyme by in silico molecular docking. The docking analysis was carried out by Ligand Fit Accelry's Discovery studio 2.1, which allows virtual screening of database of compounds and predict the strongest binders based on various scoring functions. Fifteen ligands were docked with HMG CoA reductase receptor, out of which four compounds Dichloroacetic acid 2, 2-dimethylpropyl ester, 1, 6, 10-Dodecatriene-3-ol, 3, 7, 11-trimethyl-[S-(Z)]-, Isopropyl acrylate and 3, 3-Dimethylacryloyl chloride were able to form hydrogen bonds with active site of target protein. Thus it may be concluded that the secondary metabolites of Phytoformulation 1 can be an inhibitor of the HMGCR receptor that could be used to treat hyperlipidemia and further in vivo studies may be carried out to prove the same.
INTRODUCTION
Coronary heart disease (CHD) is one of the most investigated diseases in medicinal history. Cholesterol is an important component of the cell membrane and is essential for the synthesis of various important metabolites. HMGCoA Reductase (HMGCR), a key enzyme in the cholesterol biosynthesis, catalyzes the conversion of 3-hydroxy-3-methylglutaryl coenzyme A (HMGCoA) into mevalonate. Human HMGCR consists of polypeptide chains of 888 amino acids with three functional portions: Residues 1-339 span the membrane of the endoplasmic reticulum eight times; residues 340-459 connect the membrane portion to the catalytic portion (residues 460-888), which resides in the cytoplasm. This enzyme is anchored in the membrane of the endoplasmic reticulum, having seven transmembrane domains, with the active site located in a long carboxyl terminal domain in the cytosol (Nakanishi et al., 1988) . The inhibition of this enzyme results in the significant decrease in cholesterol levels (Goldstein and Brown, 1990) and thus reduces the risks of stroke and mortality (Herbert et al., 1997) .
. Normally in mammalian cells this enzyme is suppressed by cholesterol derived from the internalization and degradation of low density lipoprotein (LDL) via the LDL receptor as well as oxidized species of cholesterol. Thus this enzyme is the target of the widely available cholesterol-lowering drugs known collectively as the statins (Da Silva et al., 2008) .
Bioinformatics involves the organization of data generated from experiments into databases, the development of new algorithms and software, using it for the interpretation and analysis of data. In the present study, Phytoformulation 1, a polyherbal formulation was analysed by GCMS and compounds were identified. These secondary metabolites were screened with the database of available structures, and algorithms adapted from artificial intelligence applications to understand the applicability of the docking tool. The compounds thus screened with docking tools provide a preliminary data for refinement of the chemical structures or modification of the specific site on a target protein or nucleotide, enabling binding at the site that is being modelled computationally with several different techniques. The availability of the structural information aids in proper selection of target for inhibitor discovery as the binding sites of the molecules are identified (Nicola et al., 2008) .
MATERIALS AND METHODS
Bioinformatics online databases such as PubMed, Pubchem and PDB were used. PubMed database is designed to provide access to citations from biomedical journals. PubChem database provides information on the biological activities of small molecules. PubChem also provides a fast chemical structure similarity search tool. The Protein Data Bank (PDB) is a repository for the 3-D structural data of large biological molecules, such as proteins and nucleic acids.
Docking
The docking analysis of the compounds with HMGCoA reductase (HMGCR) was carried out by Ligand Fit of Accelry's Discovery studio 2.1 (Accelry's Software Inc.). The software allows us to virtually screen a database of compounds and predict the strongest binders based on various scoring functions. The collection of enzyme substrate complexes were identified via docking and their relative stabilities were evaluated using their binding affinities. LigandFit was used for accurately docking ligands into protein active sites employing a cavity detection algorithm.
A shape comparison filter is combined with a Monte Carlo conformational search for generating ligand poses consistent with the active site shape. Candidate poses are minimized in the context of the active site using a grid based method for evaluating protein-ligand interaction energies. The method appears quite promising, reproducing the X-ray structure ligand pose within an RMSD of 2A. A high-throughput screening study applied to the HMGCoA reductase receptor is also presented in which LigandFit, when combined with LigScore, an internally developed scoring function, yields very good hit rates for a ligand pool seeded with known actives (Venkatachalam et al., 2003) .
Docking Protocol Protein Preparation
The crystal structure of HMG-CoA 1HWK was prepared and the active site was identified. The ligands and crystallographic water molecules were removed from the protein and the chemistry of the protein was corrected for missing hydrogen. Crystallographic disorders and unfilled valence atoms were corrected using alternate conformations and valence monitor options. Following the above steps of preparation, the protein was subjected to energy minimization using the CHARMm force field.
Ligand Preparation
The aqueous extract of the polyherbal formulation was analyzed using GCMS technique and 15 compounds were identified using NIST (National Institute of Standard and Technology). These secondary metabolites were used as the ligands. The three dimensional structures of compounds were downloaded in .sdf format from PubChem and Chemspider database. Hydrogen Bonds were added and the energy was minimized using CHARMm force field. Molecular weight, log P and number of Hydrogen-bond donors and acceptors for the active ligands were noted (Table 1) .
Docking Studies
The active site of the protein was first identified and it is defined as the binding site. The binding sites were defined based on the ligands already present in the PDB file (i.e. statin binding site region) which were followed by site sphere definition. The determination of the ligand binding affinity was calculated using LigScore and PLP1, JAIN and Dock score were used to estimate the ligand-binding energies. Apart from these, other input parameters for docking were set as default options. 
RESULTS AND DISCUSSION
A large number of medicinal plants are proven to possess beneficial therapeutic potentials and act a rich source of secondary metabolites with diverse array of biological activities. These secondary metabolites may act as lead molecules. Molecular docking continues to hold great promise in the field of computer based drug design, as a result novel ligands for receptors of known structure were designed and their interaction energies were calculated using the scoring functions (Irwin et al., 2002) . In recent times number of reports citing successful application of in silico studies in drug developing program in different therapeutic areas are expanding rapidly. An interesting example involves a type I TGF _ receptor kinase inhibitor. The same molecule (HTS-466284/LY-364947), a 27 nM inhibitor, was discovered independently using virtual screening by Biogen IDEC (Singh et al., 2003) and cell based high-throughput screening (Sawyer JS et al., 2003) . Another in silico modelling drug development program led to clinical trials of a novel, potent, and selective anti-anxiety, anti-depression 5-HT1A agonist (Becker et al., 2006) .
Top ranked ligands were usually taken for binding affinity studies. The validation process consisted of two parts, hydrogen bond details of the top-ranked docked pose and prediction of binding energy between the docked ligand and the enzyme using various score calculated using Discovery studio (LigScore2, LigScore1, PLP, PMF, and JAIN scores were taken for the analysis). In a recent study on the inhibitory studies of HMGCoA reductase molecular docking was successfully carried out by identification of the lead molecules by virtual screening against ligand data-set prepared from different literature search and ZINC database. These lead molecules were optimized using molecular dynamics and show good docking score than statins (Annabhimoju and Vuruputuri, 2013) . It is estimated that docking programs currently dock 70 -80% of ligands correctly (Congreve et al., 2005) .
Hydrogen Bond Details
Out of the 15 ligands which were docked with HMG CoA Reductase receptor, only 4 compounds were able to form hydrogen bonds with active site of target protein. A close view of the binding interactions of HMG CoA Reductase with the compounds (i) Dichloroacetic acid 2, 2-dimethylpropyl ester,
(ii) 1, 6, 10-Dodecatriene-3-ol, 3, 7, 11-trimethyl-[S-(Z)]-, (iii) Isopropyl acrylate and (iv) 3, 3-Dimethylacryloyl chloride were shown in Fig.1,2,3,4 respectively. Ligand is colored in yellow and pink (in ball and-stick drawing) where as amino acids involved in hydrogen bonding was shown in green color.
As shown in Fig. 1 , there are five hydrogen bonds (shown as green dotted lines) formed between the compound Dichloroacetic acid 2, 2-dimethylpropyl ester and HMGCoA Reductase. The amino acid residues involved in forming the hydrogen bonds with the enzyme were: GLY 542, PRO 477, ASN 567, and ALA 478 (Table 3) . The compound 1, 6, 10-Dodecatriene-3-ol, 3, 7, 11-trimethyl-[S-(Z)] -formed one hydrogen bond with the protein (Fig. 2) and the residue involved is: ARG 495 (Table 3) . Isopropyl acrylate formed three hydrogen bonds with the enzyme (Fig. 3) and here the residues involved were: ARG 495, LEU 498 (Table 3) . 3, 3-Dimethylacryloyl chloride formed one hydrogen bond (Fig. 4) and the residues involved in the formation were: PRO 477, LEU 499, and ALA 478 (Table 3) .
Docking Score
The study aimed to rank the docked complex through the scores was copied from the table browser view of Discovery studio for binding affinity analysis. Table 2 shows the different score values of top ranked ligands. The score values include Ligscore1&2 (Protein-Ligand Affinity Energy) (Krammer et al., 2005) , Piecewise Linear Potential (PLP) PLP1, PLP2 (Steric and H-bonding intermolecular function, Higher PLP scores indicate stronger receptor-ligand binding (larger pKi values) (Gehlhaar et al., 1995; Gehlhaar et al., 1999) , JAIN(sum of five interaction terms namely Lipophilic interactions, Polar attractive interactions, Polar repulsive interactions, Solvation of the protein and ligand, an entropy term for the ligand) ( Jain, 1996) , PMF(developed based on statistical analysis of the 3D structures of protein-ligand complexes, scores are calculated by summing pairwise interaction terms over all interatomic pairs of the receptor-ligand complex. A higher score indicates a stronger receptor-ligand binding affinity) (Muegge 2006; Muegge et al., 1999) and DockScore (Candidate ligand poses are evaluated and prioritized according to the DockScore function). The determination of the ligand binding affinity was calculated using the shape-based interaction energies of the ligand with the protein. The two scoring methodologies 1, 6, 3, 7, ]-(Dock Score=41.743), Isopropyl acrylate (Dock Score=28.169), 3,3-Dimethylacryloyl chloride (Dock Score=15.461)), it was predicted that the ligands 1, 6, 3, 7, ]-and 3, 3-Dimethylacryloyl chloride have similar and good binding affinities towards the protein. Here the maximum of five hydrogen bonds were formed between the protein and the ligand, Dichloroacetic acid, 2, 2-dimethylpropyl ester (Fig.1) . Three hydrogen bonds were formed between the enzyme and the ligand Isopropyl acrylate (Fig. 3) . 1, 6, 10-Dodecatriene-3-ol, 3, 7, 11-trimethyl-[S-(Z)] - (Fig. 2 ) and 3, 3-Dimethylacryloyl chloride (Fig.4) formed one hydrogen bond with the enzyme. Thus the concept of protein-ligand interaction helps in analyzing the binding properties of the protein HMG CoA Reductase with its inhibitors. The study also reported that the residues Lys 502 and Asn 567 (Table. 3) play an important role in binding mechanism. The ligand 1, 6, 3, 7, ] -showed high binding activity towards the enzyme, though the number of hydrogen bond interactions are less. Hydrogen bond formation also makes important contributions to the interactions between ligand and the enzyme. The ligands Dichloroacetic acid, 2, 2-dimethylpropyl ester and Isopropyl acrylate formed five and three hydrogen bonds respectively. Thus based on the results obtained it may be concluded that the compounds of the Phytoformulation 1 posses antihyperlipidemic activity. Further invivo studies can be carried out to prove the efficacy of these compounds.
CONCLUSION
Understanding the interactions between proteins and ligands is crucial for the pharmaceutical and functional food industries. The emergence of bioinformatics has offered a platform to explore diseases at molecular level using computational tools. The Protein-Ligand interaction plays a significant role in structure based drug designing. The experimental structures of these protein/ligand complexes are usually obtained, by time-consuming techniques such as X-ray crystallography or NMR. These screening methods are routinely and extensively used to reduce cost and time of drug discovery. In the present work, the enzyme HMG CoA Reductase and the ligand molecules were taken to explore the binding mechanism of identified plant compounds from GC-MS study to the HMG CoA Reductase enzyme. Therefore, this study emphasizes the importance of small molecules from various plant sources and their use to enhance protein-ligand interaction studies in silico. Further work can be extended to study the receptor-ligand interactions experimentally and evaluation of their biological activity would help in specifying compounds against hyperlipidemia based on screening, docking and consensus scoring techniques.
